Background and Purpose-Simultaneous multiple intracerebral hemorrhages (SMICHs) are uncommon. Few singlecenter studies have analyzed characteristics and outcome of SMICH. We analyzed clinical characteristics and outcome of SMICH patients from 2 comprehensive stroke centers. Methods-Baseline imaging from consecutive intracerebral hemorrhage (ICH) patients (n=1552) 
O utcome after intracerebral hemorrhage (ICH) is often poor and relates to the pathogenesis and volume of the hematoma. 1, 2 Treatment strategies are limited to blood pressure control and stroke unit care. 3 Simultaneous multiple ICHs (SMICHs) have been noted on baseline imaging in several small case series (total n=323; Table 1 ) with a prevalence of ≈0.8% to 5.7% of patients [4] [5] [6] [7] [8] [9] [10] [11] [12] and seem to be associated with worse outcome compared with patients with single ICH. 4, 5, 10 However, previous series reported mortality unadjusted for baseline imbalances in clinical and radiological characteristics. Reported pathogeneses of SMICH are also controversial and biased by exclusion of patients with cerebral amyloid angiopathy 4 and nonprimary ICH secondary to anticoagulation, 6 cerebral venous sinus thrombosis, 5, 6 and structural vascular causes. 7, 10 In this study, we describe the clinical and radiological characteristics, pathogenesis, and 90-day mortality of patients with SMICH treated across 2 comprehensive stroke centers.
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of consecutive ICH patients admitted to Helsinki University Hospital between January 2005 and March 2010. 2 The RMH ICH study included consecutive ICH patients admitted between October 2007 and January 2012, with one report published on impact of warfarin on hematoma location and volume. 13 The diagnosis of ICH in both studies was based on the World Health Organization definition of stroke requiring rapidly developing clinical signs of focal or global disturbance of cerebral function leading to death or lasting >24 hours with no apparent cause other than a vascular one, 14 always combining with the imaging finding of ICH. In both studies, cerebral hemorrhage caused by trauma, tumor, hemorrhagic transformation of cerebral infarction with or without thrombolysis, or primary subarachnoid hemorrhage were excluded. Traumatic ICH was diagnosed as per routine clinical practice based on all available history, clinical findings, and imaging findings. Coexisting acute subdural or epidural hematomas or coupcountrecoup contusions would result in a diagnosis of traumatic ICH.
We defined SMICH as 2 or more discrete, noncontiguous acute intraparenchymal hematomas on initial diagnostic computed tomography. For the present analysis, we additionally excluded patients without available baseline planimetric data because of unavailable baseline computed tomographic images or films unsuitable for computerized imaging analysis performed at another institution, pure ventricular hemorrhage, and where patients presented on >1 occasion only the first episode was included. T.Y.W. screened all patients for SMICH. N.Y. then reviewed the images of potential patients. Ineligible patients were excluded by mutual agreement. In the case of disagreement, A.M. was consulted for a final decision regarding inclusion.
Images at both centers were acquired using multislice computed tomographic scanners (Helsinki, Siemens Somatom Plus 4, Siemens Definition AS+, Siemens Medical, Germany, and GE Medical Systems LightSpeed Ultra/LightSpeed VCT, GE Healthcare, United States; RMH, Siemens Somatom Sensation, Siemens Medical, Germany). Hematoma volume was calculated using semiautomated planimetry 15 using Analyze 12.0 (Biomedical Imaging Resource; Mayo Clinic). Hemorrhage was classified lobar if the ICH involved cortical surface or the juxtacortical region of the frontal, parietal, temporal, or occipital lobes; deep when located within the deep structures (caudate, lentiform, thalamus, internal, or external capsule). In SMICH, the hematoma with the largest volume was used for location and etiologic determination. The total volume of all the hematomas in SMICH was used for other analyses. Etiologic classification for the cause of ICH was graded according to the SMASH-U classification into 6 categories, namely, hypertensive angiopathy, cerebral amyloid angiopathy, structural vascular abnormalities, medication related, other systemic causes, and undefined causes.
2 Vascular lesion at the site of the ICH was classified as the responsible pathogenesis. Other systemic causes include hepatic cirrhosis, systemic coagulopathy (platelet count ≤50×10 9 /L), cerebral venous sinus thrombosis, and drug-induced coagulopathy. Cerebral venous sinus thrombosis was considered a cause if the thrombosis caused a primary bleed, not if there was first an ischemic stroke and then a hemorrhagic transformation of the same. Cerebral venography was performed in younger patients, cases with predisposing factors, and those with suspicious imaging, such as ragged cortical ICH. Medication-related ICH was classified in a patient on warfarin with international normalized ratio ≥2.0, novel oral anticoagulants within 3 days, full-dose heparin, or systemic thrombolysis for nonstroke indication. Sole antiplatelet use was not considered medication-related pathogenesis. Cerebral amyloid angiopathy was classified in patients ≥55 years of age with a lobar, cortical, or subcortical hematoma. Hypertensive angiopathy was considered in patients with pre-ICH hypertension with deep or infratentorial hematoma. Finally, undetermined pathogenesis was considered when ICH could not be classified into other categories. 2 Systematic follow-up of all patients was not routine during the study period for either of the ICH cohorts. For patients who survived their acute hospitalization, we checked whether they had further visits †This systematic review consists of publications in both English and non-English journals and contains both case reports and case series including 34 patients from series by Mauriño et al, 9 Yen et al, 4 and Takeuchi et al.
or investigations >90 days from ICH. If not, we contacted the unit they were transferred to. If no data on vital status were available, the patients were considered lost to follow-up. In Helsinki, we additionally had comprehensive vital status data from the national death registry kept by Statistics Finland. Institutional approval for the observational registry study was granted from relevant authorities in Helsinki and Melbourne with no requirement for patient consent, allowing for all consecutive patients to be included.
Statistical Analysis
Data are reported as median with interquartile range or n (%) and analyzed with Mann-Whitney U test, Pearson χ 2 , or Fisher exact tests as appropriate. Association with 90-day mortality was assessed in a multivariable logistic regression model adjusted for baseline Glasgow Coma Scale (GCS), baseline ICH volume, age, male sex, previous warfarin use, ventricular extension, and infratentorial location.
2 There were no missing data for the covariates included in the logistic regression model; therefore, only patients with missing outcome data were excluded from this analysis. Testing for collinearity demonstrated no collinearity between the variables with all variance inflation factors <1.5. To validate the findings from the logistic regression model, the primary analysis was repeated using matched controls. We used propensity score matching with the nearest neighbor method to match SMICH patients and single ICH patients 1:2 on baseline demographics (age and male sex), medication use (warfarin, antiplatelet agent, antihypertensive medications, statins), medical history (atrial fibrillation, ischemic heart disease, dyslipidemia, diabetes mellitus, previous ICH, or ischemic stroke), radiological characteristics (ICH volume and ICH location), and pathogenesis. Patients with missing baseline and outcome information were included in the univariate comparison between SMICH and single ICH patients but excluded from the propensity score matching analysis. We used R 3.1.0 and the MatchIt package 16 for propensity score matching and SPSS 23 (IBM, Armonk, NY) for other statistical analyses. A 2-sided P value <0.05 was considered statistically significant.
Results
From the pool of 1552 patients (Helsinki n=1013, RMH n=539), 100 (6.4%) were excluded because of lack of appropriate baseline planimetric data (70), recurrent admissions (19), and pure intraventricular hemorrhage (11; Figure) . 
SMICH Location and Laterality
There were 197 discrete hematomas in the SMICH patients, and 36 (42%) patients had hematomas located bilaterally.
Most patients had 2 hematomas with 14 (16%) patients having 3 or more hematomas on baseline imaging ( Table 2) . Most of the hematomas were lobar (124, 63%) in location, whereas 54 (27%) hematomas were deep, with 6 (3%) hematomas in the brain stem and 13 (7%) in the cerebellum. None of the 6 patients with simultaneous brain stem and supratentorial deep or lobar hemorrhage had duret brain stem hemorrhage caused by uncal herniation. 
Baseline Clinical Characteristics and Pathogenesis
Patients with SMICH were more often female (58% versus 42%; P=0.004) and had lower baseline GCS (12 versus Table 3 ). Of the 10 (12%) patients with systemic defined pathogenesis, 4 were attributed to liver cirrhosis, 3 from thrombocytopenia, and 3 had cerebral venous sinus thrombosis. Cerebral venous sinus thrombosis was diagnosed in 2 (0.1%) single ICH patients. Of the medication-related ICH group, warfarin was the cause in 9 of 14 (64%) SMICH and 169 of 184 (92%) single ICH patients, and one of the other medications in 5 of 14 (36%) SMICH and 15 of 184 (8%) single ICH patients. All patients (n=5; 6%) with structural vascular abnormality had multiple cavernous venous malformations. 
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Radiological Variables
The dominant hematoma location ( Table 3 ). In medication-related ICH, SMICH patients had lower mortality (21% versus 55%; P=0.023), but there were no other differences in mortality by etiologic subgroups (Table in the online-only Data Supplement). Factors associated with 90-day mortality in SMICH patients on univariate analysis were lower baseline GCS (7 versus 14; P<0.001), larger baseline ICH volume (59 versus 12 mL; P<0.001), and presence of ventricular extension (55% versus 25%; P<0.001).
After excluding 31 patients (2 with SMICH) with missing mortality data, 1421 patients were included in the multivariable model with unmatched controls (Table 4 ). The presence of SMICH was associated with less 90-day mortality (odds ratio, 0.783; 95% confidence interval, 0.401-1.529; P=0.473) although this was not statistically significant. After excluding 52 (3.6%; 4 with SMICH) patients with missing baseline and outcome variables, propensity score matching resulted in 243 patients with balanced baseline characteristics. In the postmatching logistic regression analysis, SMICH was also not associated with 90-day mortality (odds ratio, 0.760; 95% confidence interval, 0.352-1.638; P=0.484; Table 4 ). In the post hoc analysis, the presence of SMICH was also not associated with 90-day mortality after excluding 14 SMICH patients with small secondary hemorrhage (<5 mm in diameter) in both the unmatched (n=1407; odds ratio, 0.733; 95% confidence interval, 0.351-1.531; P=0.408) and the propensity matched (n=201; odds ratio, 1.330; 95% confidence interval, 0.572-3.090; P=0.507) logistic regression analyses.
Discussion
In this dual-center study of SMICH patients, we derived several points of interest. First, in our large series of consecutive patients, we found a relatively high proportion of SMICH patients (5.9%) compared with previous literature. Data are median (interquartile range) or n (%). GCS indicates Glasgow Coma Scale; ICH, intracerebral hemorrhage; SMASH-U, structural lesion, medication, amyloid angiopathy, systemic/other disease, hypertension, undetermined classification; and SMICH, simultaneous intracerebral hemorrhages.
*Fisher exact test. †Thirteen patients had missing baseline statin use data. ‡Sixteen patients had missing preexisting dyslipidemia data. §Thirty-one patients had missing 90-day mortality data. ║ICH volume in SMICH is sum of all the hematomas.
Second, mortality did not differ between SMICH patients and those with single ICH, which contrasts with previous reports that did not adjust for baseline variables. 4, 5, 10 Finally, we have detailed the etiologic associations of patients with SMICH.
SMICH has been considered uncommon in ICH (Table 1) , but 4 of 6 hospital-based studies in the past decade have reported SMICH presenting in between 4.7% and 5.9% or ≈1 in every 20 of all ICH patients. In 14 (16%) SMICH patients in this study, the secondary hematoma was <5 mm in diameter; therefore, thicker computed tomographic image slices such as 13 mm slices in the study by Weisberg 8 may potentially have missed patients with smaller simultaneous hemorrhages.
Mortality in SMICH has been reported to range from 0% to 78% (Table 1) and is likely to be influenced by the pathogenesis and location of the SMICH. Laiwattana et al 11 systematically reviewed 105 patients with primary SMICH by combining published case reports and case series and examined the association of location of SMICH and outcome. The authors found that deep SMICH had the highest mortality rate (27/54; 50%) compared with SMICH located in bilateral lobar or cerebellar regions (0/2; 0%) or nonbilateral SMICH (19/49; 37%).
11
The SMICH mortality rate of 37% in our study is similar to reports by Weisberg 8 5 included only hypertensive SMICH with almost all hematomas located in the deep brain region, whereas 44% of the subjects in the study by Chen et al 10 had deep hematomas compared with 27% in our study. The total hematoma volume in studies by Takeuchi et al (28 mL) and Chen et al (31 mL) was higher than our study (22 mL), whereas hematoma volume was not reported in the study by Yen et al (Table 1) .
Etiologic consideration after ICH is important because it mediates outcome in ICH patients in both European and Asian patients. 2, 12 We demonstrated using the SMASH-U classification system 2 that the pathogenesis in SMICH is also widely distributed similar to that in patients with single ICH (Table 3) , with hypertensive angiopathy and cerebral amyloid angiopathy accounting for 52% of all SMICH. This finding is consistent with a recent report by Chen et al, 10 where cerebral amyloid angiopathy and deep vessel vasculopathy accounted for 41% of their SMICH patients. This is in contrast to the study by Yeh et al, 12 who also classified Taiwanese SMICH patients using the SMASH-U system. The authors reported 51% of SMICH were because of systemic causes, whereas hypertension accounted only for 10% of their cohort likely reflecting ethnic differences for ICH pathogenesis. Future SMICH studies need to standardize ICH classification and include all nontraumatic, nontumorrelated ICH patients.
The strengths of our study are the relatively large sample with well-characterized baseline data and 90-day mortality, allowing us to assess the effect of SMICH on mortality after adjustment for known predictors of ICH outcome.
This study has several limitations. First, it is retrospective in nature and is subject to selection bias. We minimized bias by prespecifying objective criteria to define SMICH, and potential cases were screened by neurologists experienced in stroke imaging. Furthermore, only 6.4% of consecutive ICH patients were excluded. Second, as we included centers with patients of predominantly European descent, our results may not be generalizable to patients from other ethnic backgrounds. Third, magnetic resonance imaging was not routinely performed at the study centers during the study period, and only 14 (16%) SMICH patients had follow-up magnetic resonance imaging performed. Consequently, the presence and location of microhemorrhages could not be assessed to assist in etiologic determination. Finally, we did not have functional outcome assessment for our study patients and therefore could not assess the effect of SMICH on functional recovery. However, mortality is a robust outcome measure in ICH.
Conclusions
SMICH occurs in ≈1 in 20 ICH patients with higher proportion of lobar hematomas and systemic coagulopathy and less often related to hypertensive angiopathy. The presence of SMICH was not associated with excess mortality. Given the varied etiologies, the management of SMICH should therefore target the underlying pathology.
